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In the present study, a hybrid model was developed by attaching a PBPK model to each 
of five airway generations specified within an earlier CFD inhalation model of the rat 
nose. 


Abstract: 

A Hybrid CFD-PBPK Model for the Absorption of Toxic Vapors in the Rodent Nasal Cavity Bush, 

M L, 1, Frederick, C.B.2, Kimbell, J.S.3, and J.S. Ultman 1 1 Department of Chemical Engineering, 
Penn State University, University Park, PA 2 Toxicology Department, Rohm and Haas Company, 
Spring House, PA 3 Chemical Industry Institute of Toxicology, Research Triangle Park, NC A variety 
of volatile compounds induce toxic effects in the rodent nasal cavity following inhalation exposure. 
The distribution of histopathological lesions appears to be focal in nature localized to either a specific 
anatomical region or to one epithelial type (Morgan and Monticello., Environ. Health Perspect. 85, 
209-218, 1990). These regional patterns of toxicity emphasize the importance of quantifying the 
distribution of inhaled vapors within the rat nasal cavity for future interspecies extrapolation and risk 
assessment. A computational fluid dynamics (CFD) simulation was previously developed for toxicant 
transport through the anterior nasal cavity during inhalation (Kimbell et al., Toxicol. Appl. 
Pharmacol., 121, 253-263, 1993). This model, however, only described toxicant transport within the 
gas phase. In the present study, a hybrid model was developed by attaching a physiologically-based 
pharmacokinetic (PBPK) tissue stack model to each of five airway regions specified within the CFD 
mesh. Each tissue stack consisted of five (or seven) serial compartments: respired air, mucus, 
olfactory or respiratory epithelial tissue, and the submucosal layer. A differential conservation of 
mass equation was applied to each compartment, and the transfer of toxin between adjacent layers 
was accounted for by a permeability coefficient derived from Fick's law. CFD simulations were 
conducted at inspirator)' flow rates of 50, 100, and 300 mFmin to obtain spatially-averaged flow and 
mass transfer parameters that were used in the gas-phase compartments of the PBPK model. The 
CFD-PBPK hybrid model was validated by simulating the steady-state inspiratory uptake of three 
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non-metabolized compounds: acetone, isoamyl alcohol, and acrylic acid. Regional values of the gas- 
phase mass transfer coefficients, kg, obtained from the CFD model did not vary significantly with 
flow rate except for the dorsal medial region where kg decreased as flow increased. The steady-state 
toxicant concentrations in the upper epithelial layer predicted by the CFD-PBPK model suggested 
that compounds of moderate solubility, such as acetone, are absorbed uniformly across all anatomic 
regions, On the other hand, highly soluble vapors, such as acrylic acid, exhibit a progressive decrease 
in concentration moving diistally throughout the nasal cavity. The simulation appeared highly 
sensitive to the value of the epithelial tissue diffusion coefficient and relatively insensitive to the 
magnitude of the local kg values, (This work was supported in part by the Basic Acrylic Monomer 
Manufacturers and the US Department of Education #ES06075). 
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